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Mechanical properties of metals depend strongly on the grain size. 
The yield strength, for example, is generally inversely proportional to 
the square root of the grain diameter (Hall-Petch equation) [1]. For this 
reason, steel and other industries spend a great deal of effort in 
measuring and ensuring the desired grain size. In a common practical 
technique, samples are cut from the actual product and the number of 
grains per unit area are measured by optical methods. This method is time 
consuming and a hundred-percent inspection is impossible because the delay 
would affect the product's net output. Thus, there is an interest to 
develop a nondestructive, on-line technique capable of rapid measurement 
of grain size. 
One class of recently developed instruments for the nondestructive 
measurement of grain size make use of the magnetic Barkhausen effect 
[2-5]. However, these are calibrated empirically, since no theoretical 
interpretation of the dependence of the magnetic Barkhausen effect on 
grain size has been given. In an earlier work [6], magnetomechanical 
acoustic emission (MAE), Barkhausen noise and hysteresis curves were 
studied simultaneously in decarburized steels, having the aforementioned 
objective in mind. This paper presents results of measurements of magne-
tomechanical acoustic emission (MAE) and Barkhausen effect for nickel 
samples of different grain sizes. The results show that in nickel, both 
the MAE and Barkhausen signals decrease with increasing grain size. The 
paper discusses these results with the associated micromagnetic mechan-
isms. 
Micromagnetic Mechanisms 
The irreversible translation of domain walls, which depends directly 
on the defect structure, generates magnetic Barkhausen and magnetomechani-
cal acoustic emission noises. The magnetic Barkhausen effect is caused by 
abrupt changes in magneti?.atton ~tth changing magnetic field H, principal-
ly by the motion of 180° domain walls. Simultaneously, some non-180° 
domain wall motion will have to occur due to presence of closure domains. 
Contributions of the non-180° walls to the magnetic Barkhausen effect are 
s1naller than those of the 180° domain walls for two reasons: (1) the 
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average velocity of 180° walls is larger than that of the non-180° walls, 
and (ii) the volume swept out by 180° walls is larger than that of the 
non-180° wall [7], as depicted in Fig. 1. The magnetomechanical acoustic 
emissions (MAE) or acoustic Barkhausen noises, on the other hand, are 
stress waves generated by magnetostrictive strains as a result of non-180° 
domain wall motion only. This was confirmed by Kusangi, et al. [8] on 
cobalt, which showed very little MAE activity, as compared to nickel and 
steel, since it has fewer non-180° domain walls due to its high crystal-
line anisotropy. 
The simultaneous observation of magnetic Barkhausen and MAE noises, 
therefore, provides a means of measuring the interaction between various 
types of domain walls and the different microstructural features, like 
dislocations, grain boundaries, etc. Thus, these noises can be used for 
nondestructive evaluation of the aforementioned microstructural features 
in ferromagnetic materials. These techniques have been applied success-
fully before for characterizing the dislocation density and structure in 
nickel [9,10] and steel [11]. The present paper, on the other hand, 
discusses the grain size effect. 
Otala and S~yn;j~kangas [2-5] have studied quite extensively the 
effect of grain size on magnetic Barkhausen noise in steel. Measurements 
of the pulse-height distribution of the magnetic Barkhausen noise showed 
that the number of large pulses increased with increasing grain size. 
In general, their results also showed that the total number of magnetic 
Barkhausen noise pulses increased with increasing grain size in commercial 
steel [5]. In subsequent work [6], the total number of the magnetic Bark-
hausen noises and, in addition, MAE pulses, has been found to increase 
with increasing grain size in decarburized steel, in agreement with [2-5]. 
This indicates that the Barkhausen activity of both 180° domain walls and 
non-180° domain walls (90° in steel) increases in general with increasing 
grain size in steels. 
The present paper presents our observations of the grain size effect 
on the magnetic Barkhausen and MAE noises in nickel, which are compared 
with the aforementioned results in steel. It will be shown that both the 
magnetic Barkhausen noises as well as the MAE decrease with increasing 
grain diameter in nickel. Interpretations of the differences between the 
nickel and steel responses will be given. 
Experimental Procedure and Results 
The block diagram of the experimental set-up is shown in Fig. 2. 
The long cylindrical samples were placed along the axis of a large 
solenoid. The magnetic field was controlled from an IBM PC personal 
computer via a Kepco SN-121 digital to analog converter and a Kepco BOP 
72-5M programmable power supply. The magnetic Barkhausen signals were 
detected by having a search coil around the sample undergoing magneti-
zation. Discontinuous motion of 180° domain walls generates the field 
which propagates from within material to the surface, thereby inducing 
a time-varying voltage in the search coil as depicted in Fig. 3a. 
Depending on the relative location of the Barkhausen discontinuity with 
respect to the search coil, the frequency dependent attenuation (eddy 
current loss) experienced by the propagating field will be different. 
As a result, the induced magnetic Barkhausen signal will contain pulses 
of varying amplitude and frequency. Valuable information can be gained 
by analyzing the induced magnetic Barkhausen signals by pulse height and 
frequency spectrum analysis [12-15]. 
MAE, as stated earlier, are the stress waves generated by changes 
in the magnetostrictive strains during non-180° wall translation. These 
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Fig. 2. Schematic diagram of the experimental set-up. 
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Fig. 3. A schematic illustrating (a) magnetic Barkhausen noise and (b) magnetomechanical acoustic emission. 
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Table I. Composition of Nickel Samples. 
C (at. ppm) 0 (at. ppm) H (at. ppm) Ni 
42 29 2 Balance 
Table II. Heat Treatment, Grain Size and Hardness of the Samples. 
Sample Heat treatment Average Grain Matrix hard-
fl (after swaging) diam. (lim) ness (DPH) 
1 Annealed at 500°C for 3 hrs 18 74 
2 Annealed at 600°C for 3 hrs 51 67 
3 Annealed at 700°C for 3 hrs 118 64 
4 Annealed at 800°C for 3 hrs 238 65 
stress waves propagate spherically from the source and cause transient 
displacements which are detected by a piezoelectric transducer upon 
arrival at the surface of the specimen, as shown in Fig. 3b. The signals 
may again be analyzed for spectral content and pulse height distribution 
[16-18]. The hysteresis curves, that is the variation of magnetic induc-
tion, B, with field H, were measured using a modified Walker MH-10 
hysteresisgraph. The output from the search coil was connected to an 
MF-3A integrating voltmeter to determine B, while the output from the 
Hall probe was connected to an MG-3A gaussmeter to determine H. 
An as-cast nickel rod with the composition given in Table I was 
swaged to a final diameter of 1/2" after a series of interrupted annealing 
treatments. Samples of length-to-diameter ratio of 12.0 were cut and 
annealed under ultra high vacuum at different temperatures for the same 
length of time. The heat treatment, grain size and hardness of the 
samples are given in Table II. 
In the present experiments, the magnetic Barkhausen signals were 
obtained using a cycling frequency of 0.05 Hz (triangular) for the 
magnetic field H, with a maximum field amplitude of 225 Oe. The count 
rates of magnetic Barkhausen noise as a function of H field for one path 
of the magnetic hysteresis curve (i.e., -H to +H) are shown in Fig. 4. 
Under the same conditions, the count rate of MAE signals were obtained 
and are shown in Fig. S. As can be seen from Figs. 4 and 5, the peaks 
in the count rates are shifted to positive H. On reversing the field, 
the peaks are shifted to negative H providing no new information. They 
are therefore not shown. Note that the count rates in Figs. 4 and 5 are 
averages of 25 sweeps. 
The magnetic hysteresis curves are shown in Fig. 6. 
Data Analysis and Discussion 
Results in Figs. 4 and 5 indicate, in general, that the magnetic 
Barkhausen as well as MAE signals in nickel,·are sensitive to the grain 
size. Noticeable is the double peak structure observed in each case. 
Only the smaller peak in the magnetic Barkhausen noises seems not to be 
affected by the grain size. The results are summarized in Fig. 7, where 
the ratios of the heights of the second peak to the first one are plotted 
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Fig. 4. Count rates of magnetic Barkhausen signals as a function of the 
field for different grain sizes. 
as a function of grain size. It shows that for magnetic Barkhausen noise, 
only the second peak drops with increasing grain size. For MAE noise, 
however, both the peaks drop such that their peak height ratios remain 
constant. As Table III indicates, the separation in the external fields 
required to produce the two peaks increases with increasing grain size 
for both magnetic Barkhausen as well as MAE signals. In Fig. 8, some 
magnetic properties derived from hysteresis curves, have been plotted. 
The coercive force, He, remanence, Br, and the hysteresis loss increase 
with decreasing grain size, consistent with previous observations [19-20]. 
According to classical theory, the hysteresis loss and coercive force are 
considered to be a measure of macroscopic resistance to domain wall trans-
lation. Therefore, in small grained materials, the hysteresis loss and 
coercive force should be higher. 
On comparing the magnetic and acoustic Barkhausen signals in Figs. 
4 and 5, respectively, with the corresponding hysteresis curves in Fig. 
6, it appears that the origin of the first peak may be attributed to 
nucleation of domain walls. With the same reasoning, the second peak 
should be due to the irreversible translation and annihilation of domain 
walls. 
For small grained materials, the nucleation rate of domains should 
be higher due to a larger density of available nucleation sites, i.e., 
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Fig. 6. Hysteresis curves of samples with different grain sizes. 
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Table III. Positions of Peaks in Magnetic Barkhausen Noise 
and Magnetomechanical Acoustic Emission. 
Magnetic Barkhausen Noise 
Sample II Position of Position of 
with the first the second t1H = H1 - H2 
Grain Size peak (H 1) peak (H2) 
1 18 pm -2 oe +12 oe 14 oe 
2 51 pm -3.5 oe +l1.5 oe 15 oe 
3 118 pm -7 oe +16 oe 23 oe 
4 238 pm -8.5 oe +11 oe 19.5 oe 
Magnetomechanical Acoustic Emission 
II Grain Size Hl H2 t1H = H l - H2 
1 18 pm 0 oe 10 oe 10 oe 
2 51 pm -3 oe 10.5 oe 13.5 oe 
3 118 pm -5 oe ll.5 oe 16.5 oe 
4 238 pm -4.5 oe ll oe 15.5 oe 
grain boundaries. Moreover, small grains would also increase the number 
of obstacles which domain walls encounter during translation. Therefore, 
large Barkhausen signals in small grained materials would be expected due 
to the above mechanism. This is consistent with the observed trends in 
Figs. 4 and 5. 
The lack of magnetic Barkhausen and MAE signals at field H ~ He, in 
Figs. 4 and 5 respectively, is probably due to the presence of reversible 
domain wall translation as the dominant process for magnetization change. 
It has been observed in steel [2] that the size of domains increase with 
grain size. We assume that this domain size - grain size correlation is 
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Fig. 7. Plot of the peak height ratios as a function of grain size. 
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also true for nickel. As shown by Khan, et al. [21], reversible domain 
wall motion (bowing out) will be enhanced as the domain size and thus 
the grain size increase. Thus the gap between the two peaks which is a 
representation of the extent of reversible translation during magnetiza-
tion could be expected to increase with increasing grain size. 
Comparing the magnetic Barkhausen and MAE signals in fully annealed 
nickel, shown in Figs. 4 and 5, indicates that 90° domain walls have 
similar reversible properties as the 180° domain walls. The results 
indicate that during magnetization of fully annealed nickel, both 180° 
and non-180° domain walls move together, as was also observed for decar-
burized steel [6]. This similarity ends, however, as soon as there are 
other defects such as dislocations present. As shown in our earlier 
studies [9, 10], non-180° domain walls in deformed nickel interact strong-
ly with individual dislocations than 180° domain walls. Thus as a result 
of deformation, reversible non-180° domain wall motion decreases and the 
gap in the MAE disappears, unlike the magnetic Barkhausen signal. 
Plotting both the total number of magnetic Barkhausen and MAE sig-
nals, as a function of 1/d yields straight lines as shown in Figs. 9 and 
10. The total numbers are defined as the areas under the signal areas 
shown in Figs. 4 and 5. The reason for this particular functional form of 
the grain size dependence is unknown at the present time. However, it is 
clear that the total magnetic Barkhausen signal is more sensitive to the 
grain size of nickel than the MAE. 
CONCLUSIONS 
Our results show that both MAE and Barkhausen noises are strongly 
influenced by grain size in nickel. The total number of counts of both 
the signals is inversely proportional to the grain diameter. The magnetic 
Barkhausen signals, however, seem to be more sensitive to the change in 
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Fig. 8. Plot of hysteresis loss, coercive force (He) and remanence (BR) 
as a function of 1/d. 
1648 
~ 2 
E 
" z 
0.01 0.02 0.03 0.04 0.05 0.06 
1/d (fLm1l-
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Fig. 10. Plot of total number of counts of MAE as a function of 1/d. 
grain diameter than the MAE signals. In the absence of other defects, 
e.g. dislocations, the observed correlation would form the basis for a 
nondestructive test for grain site. Further work is required to define a 
test that will uniquely predict grain size in the presence of variations 
of other defects. 
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